Converting NADH to NAD+ by nicotinamide nucleotide transhydrogenase as a novel strategy against mitochondrial pathologies during aging.
Mitochondrial DNA defects are involved supposedly via free radicals in many pathologies including aging and cancer. But, interestingly, free radical production was not found increased in prematurely aging mice having higher mutation rate in mtDNA. Therefore, some other mechanisms like the increase of mitochondrial NADH/NAD(+) and ubiquinol/ubiquinone ratios, can be in action in respiratory chain defects. NADH/NAD(+) ratio can be normalized by the activation or overexpression of nicotinamide nucleotide transhydrogenase (NNT), a mitochondrial enzyme catalyzing the following very important reaction: NADH + NADP(+ )<--> NADPH + NAD(+). The products NAD(+) and NADPH are required in many critical biological processes, e.g., NAD(+) is used by histone deacetylase Sir2 which regulates longevity in different species. NADPH is used in a number of biosynthesis reactions (e.g., reduced glutathione synthesis), and processes like apoptosis. Increased ubiquinol/ubiquinone ratio interferes the function of dihydroorotate dehydrogenase, the only mitochondrial enzyme involved in ubiquinone mediated de novo pyrimidine synthesis. Uridine and its prodrug triacetyluridine are used to compensate pyrimidine deficiency but their bioavailability is limited. Therefore, the normalization of the ubiquinol/ubiquinone ratio can be accomplished by allotopic expression of alternative oxidase, a mitochondrial ubiquinol oxidase which converts ubiquinol to ubiquinone.